Introduction
Terrestrial mammal inventories for various sections of the large, spatially fragmented Garden Route National Park (GRNP) ( Figure 1 ) were compiled primarily from field records, observations and trappings conducted in the coastal sections (Crawford 1982; Robinson 1976; Von Breitenbach 1974; Whitfield, Allanson & Heinecken 1983) . These data were supplemented by studies of individual species, such as bushbuck, Tragelaphus scriptus (Odendaal & Bigalke 1979) ; bushpig, Potamochoerus larvatus (Seydack & Bigalke 1992) ; blue duiker, Philantomba monticola (Hanekom & Wilson 1991) ; and the African elephant, Loxodonta africana (Seydack, Vermeulen & Huisamen 2000) . Additional data were obtained from population monitoring through faecal pellet counts (Seydack, Huisamen & Kok 1998 ) and a camera trap study in the Goudveld State Forest (Seydack 1984) .
The use of camera traps for studying terrestrial mammals has become increasingly popular in recent years, as technology has improved and equipment costs have declined (Kucera & Barrett 2011; Tobler et al. 2008) . Applications include compiling species inventories (e.g. Azlan & Lading 2006; Srbek-Araujo & Chiarello 2005; Trolle 2003) , studying activity patterns (Azlan & Sharma 2006; Gómez et al. 2005 ) and habitat relationships (Goulart et al. 2009; Jácomo, Silveira & DinizFilho 2004) , and estimating animal densities (e.g. Chapman & Balme 2010; Karanth & Nichols 1998; Karanth et al. 2006; Kelly et al. 2008 ).
Compared to track and transect censuses, camera traps can produce satisfactory results in the inventory of medium-to large-sized mammals (Silveira, Jácomo & Diniz-Filho 2003; Tobler et al. 2008) . When used together, such methods can be complementary, because camera traps can be deployed in most field conditions and are efficient methods of recording nocturnal species (Silveira et al. 2003; Srbek-Araujo & Chiarello 2005) .
The advantages of camera traps include the accuracy of species identification, the detection of nocturnal and diurnal species, and the ability of accumulating data over large areas with relatively little effort (Silveira et al. 2003; Sollmann et al. 2013) . The aim of this study was to undertake camera trapping in order to supplement the mammal inventory list of the GRNP and assess the distribution and capture rates of mammals within forests of varying types (dry to wet) and sizes. These data could assist in identifying priority conservation areas in the park.
Methods
The GRNP is situated between the sea and the Outeniqua and Tsitsikamma mountains of the Southern Cape. It is spatially fragmented and consists of a mosaic of protected areas, which extend over some 150 km in an east-west direction and 40 km on a north-south axis. The altitude ranges between 0 m and 1675 m above sea level. The climate is mild and rainfall occurs throughout the year (Kruger 2007) . Precipitation generally increases with altitude (Bond 1981) , potentially varying from approximately 650 mm along the coast to about 1100 mm in the mountains (Fijen & Kapp 1995 Breitenbach 1974) . Following a gradient from the dry littoral zone to the wet mountain ranges, Von Breitenbach (1974) described eight different forest types. This system has been used by the forestry section of South African National Parks to classify indigenous forest compartments for management purposes. This classification of the forests was used in the selection of camera trap sites and the estimation of forest sizes.
Between two and five sampling sites, with limited human activity and adequate trails, were identified in each of the four more common forest types found in the park, namely wet high-forest, medium-moist to moist high-forest, dry highforest and very dry scrub-forest. A total of 11 sites were selected (Figure 1 ). At each site, an array of eight cameras, consisting of four Bushnell Trophy Cams (with infrared flash) and four Cuddeback Capture cameras (with incandescent flash), was deployed for between 28 and 45 days. The exception was Site 7, where, as a consequence of certain camera malfunction and additional research objectives, a combination of six Bushnell cameras and two Cuddeback cameras (less sensitive to being triggered by small mammals, such as genets [Randall & Hanekom 2014] ) were deployed for 114 days.
Camera positions were geo-referenced using a Garmin GPSMAP 60CSx, and each camera was positioned at least 100 m apart, but where possible between 200 m and 300 m apart. Cameras were erected to photograph across trails because the highest captures were recorded here during field trials. At each site, a metal fencing pole was driven into the ground and a camera secured to it in such a manner that the lens was approximately 35 cm above the ground and about 3 m away from the centre of the trail. No bait or lures were used to attract animals to the cameras. Where it was judged that, based on the location and time of captures as well as the size and marking of the animals, multiple photographs of the same individual were taken within one hour of each other within the entire camera array, these photographs were regarded as a single capture (Tobler et al. 2008) . This mitigated the effect of multiple captures resulting from instances where animals walked passed several cameras, or spent extended periods in front of one or more cameras.
Trapping was conducted between March 2010 and January 2011, except for Site 7 (between August and December 2012) and Site 8 (between October and November 2013). The cumulative number of species detected with increasing sampling effort was determined for each of the 11 sites surveyed, and where the data from two or more sites showed similar rates of increase, the data were pooled and the mean values taken.
At Sites 7-10, additional sampling was done between January 2011 and July 2012, as part of another survey. At each site, monthly trappings were done at 24 additional camera locations spread over more than 2.3 km and located 15 m -35 m away from access paths in undisturbed forest. This work provided supplementary trapping coverage as well as capture rates for off-trail areas.
The normality and homogeneity of the variance for the capture data were checked using Kolmogorov-Smirnov and Bartlett's tests (Zar 1984) . Where they were not realised, nonparametric statistical tests were used. The aggregated capture rates and species counts across all cameras on trails at each site from the four dry (high and scrub) forests were compared to those from the seven moist (medium-moist to wet) high forests using the Mann-Whitney U Test (Zar 1984 ) and the computer program STATGRAPHICS (Statistical Graphic Corporation 1989) . Similar comparisons were conducted between capture data recorded in small forests (< 41 km²) and those in the large (160 km²) Goudveld-Diepwalle forest complex, but not between off-trail and on-trail data, because of the small sample size (n = 4).
Results
At most forest sites, with the exception of Sites 5 and 8, the cumulative number of species recorded using a sampling effort of 223-360 camera trap days appeared to level off near an upper asymptote. At Site 7, no additional species were recorded when the sampling was extended to 912 trap days (Figure 2 ). During the entire survey (3438 trap days and 88 trap sites), only 12 mammal species (≥ 1 kg) were recorded. Two of them -the African clawless otter, Aonyx capensis; and marsh mongoose, Atilax paludinosus -are associated with wetlands rather than forests (Skinner & Chimimba 2005) and were photographed on only one occasion on the trails (Table 1) . (Table 1) . Despite this, the median and interquartile range of the number of species and total capture rates recorded in the Goudveld-Diepwalle forest complex did not differ significantly (U = 1.45 and 0.28, df = 7.4, P > 0.10) from those of small (< 41 km²) forests (Table 1) . At species level, however, the capture rates of caracal and vervet monkey, Chlorocebus pygerythus, were significantly lower (P ≤ 0.05) in the large forest complex than in small forests (U = 2.21 and 1.98, df = 7.4), whilst those of bushpig were higher (U = 2.09, df = 7.4). Conversely, no significant differences were recorded between the capture rates from dry (high and scrub) forests and those from moist (mediummoist to wet) high forests (U < 1.26, df = 7.4, P > 0.10).
The additional and more extensive (> 750 trap days) off-trail trapping at Sites 7-10 recorded a similar trend to that of the on-trail survey, in that both the number of species and total capture rates at Site 9 were lower (> 15%) than at the other three sites (Table 2) . At all four sites, the total capture rates of the off-trail cameras were approximately half (45% -54%) of those of the on-trail ones, consistently capturing fewer caracal and frequently (75% of the sites) fewer bushbuck, bushpig, genet and honey badger ( Table 2 ). The median number of species recorded off-trail was similar to that captured on-trail, but the composition differed, adding one or two more species to each site (Table 2 ).
Discussion
In camera trap studies for inventories of medium-to large bodied species, an enormous amount of survey effort is usually required to capture all the cryptic, rare or habitatspecific mammal species (Tobler et al. 2008 The on-trail trapping effort used at each site in this study was considerably less (approximately 0.35-0.15 times) than the above-mentioned values (Table 1) , and would have been insufficient in recording the full range of species in each forest, especially those with extensive home ranges (e.g. leopard) or specific habitat preferences (e.g. African clawless otter). The supplementary off-trail trapping at Sites 7-10 recorded on average one additional species at each site, but none of these were new species records for the study ( Table 2 ).
The total number (12) of mammal species (≥ 1 kg) recorded during on-trail trapping (3438 trap days) was comparable with that noted over a three-year camera trapping census (13) (approximately 6480 trap days) of 600 ha of forest (incorporating Sites 4 and 5) in the Goudveld State Forest near the centre of the study area (Seydack 1984) . However, the species composition differed. Seydack (1984) did not capture vervet monkey or African clawless otter, but he did record (≤ 2 captures) Cape grysbok, Raphicerus melanotis; Cape grey mongoose, Galerella pulverulenta; and rock hyrax, Procavia capensis. These three mammals are not true forest species, but utilise forest margins and very dry scrub forests to varying degrees (Crawford, Crawford & Crawford 1983; Robinson 1976 ; N.H. personal observation 1988).
The only other species known to frequent these forests is the African elephant (Seydack et al. 2000) , but it occurs in extremely low numbers (Eggert, Patterson & Maldonado 2007) . Consequently, there are verified records for only 16 mammal species (≥ 1 kg) utilising the forests of the GRNP, which grow on nutrient-poor soils (Van Daalen 1984) and have a low herbivore carrying capacity (Odendaal & Bigalke 1979; Seydack et al. 2000) .
Eleven (69%) of these species, including the African clawless otter and marsh mongoose, were recorded in the south coast forests of the Transkei region, where chacma baboon and honey badger were apparently absent (Hayward et al. 2005) . However, the study provided no evidence of serval, Leptailurus serval, and African wildcat, Felis silvestris lybica, which are listed by Von Breitenbach (1974) as species found in the Southern Cape forests.
The species that contributed most to the captures in this study were bushbuck (40%), chacma baboon (22%), South African large-spotted genet (13%) and bushpig (10%) ( Table 1) . These contributions differed from those of Seydack (1984) for the Goudveld State Forest. Here, bushbuck (33%) and South African large-spotted genet (15%) were again important, but the contributions by chacma baboon and bushpig were small (< 6%), being surpassed by honey badger (21%) and Cape porcupine, Hystrix africaeaustralis (16%). Seydack (1984) noted that honey badger showed interest in and examined the trip plates used to activate the cameras. Preliminary experiments have shown that both honey badger and Cape porcupine are attracted to objects scented with perfume (Braczkowsi 2009 ). The ground disturbance and smell associated with the trip plates may have attracted these species to the camera sites.
However, there are many other factors that may have influenced the capture rates. Half of the cameras used in this study were Cuddeback Capture cameras and comparative sampling, deploying the Cuddeback Capture cameras and Bushnell Trophy Cams simultaneously, resulted in the former cameras frequently failing to record small species, such as the South African large-spotted genet and marsh mongoose (Randall & Hanekom 2014) . Consequently, the values for these species were underestimates.
The ability of a camera trap to detect individual animals generally correlates to the body size of the species (Rowcliffe et al. 2011; Tobler et al. 2008) . A further influencing factor was that the bright, incandescent flash of the Cuddeback Capture camera startled some of the species (e.g. bushpig), often making them camera-shy and less likely to be recaptured (Randall & Hanekom 2014) . In addition, the camera traps were not equally spaced from each other within a sampling grid, but were erected along a series of trails in each forest, usually positioned less than 300 m from the nearest neighbour. Consequently, not all areas of a forest site were equally sampled, the number of recaptures was high, and the data were probably biased towards those species that appear to frequent trails (e.g. caracal, bushbuck, bushpig and genet; Table 2 ).
Seasonal variations in animal abundance were also not evaluated, with the assessment of a forest site being restricted to a once-off trapping cycle of between 28 and 45 days. Nevertheless, it is noteworthy that both the highest and the lowest values for both capture rates and species numbers were all recorded during winter (April-September) (Sites 3-7; Table 1 ), suggesting that seasons were not an overriding factor in determining capture rates in this study.
In general, capture frequencies do not allow for direct interspecies comparisons (Sollmann et al. 2013) . The two species most frequently captured in this study, namely bushbuck (40%) and chacma baboon (22%), have characteristics that enhance the likelihood of capture. The former species is a medium-size antelope with an apparent preference for utilising trails (Table 2) and a large home range that frequently overlaps with those of other individuals, allowing them to roam over other animals' home ranges (Odendaal & Bigalke 1979) . Similarly, the chacma baboon lives in fairly big troops, which have large and sometimes overlapping home ranges (Skinner & Chimimba 2005) . Consequently, these species may not be the most abundant mammals in the study area. Koen and Crowe (1987) recorded similar bird communities and, to a lesser extent, invertebrate communities, in the dry-, moist-and wet forests of the GRNP, despite clear differences in the composition and structure of the vegetation. Likewise, in this study the number of species and the capture rates of the various taxa recorded in dry (high and scrub) forests were similar (P > 0.10) to those in moist (medium-moist to wet) high forests. These results support the concept that animal discrimination for vegetation structure is relatively poorly refined within tall, closed forest (Taylor, Friend & Dudzinski 1984) .
Although the median number of species and total capture rates for sites in the large Goudveld-Diepwalle forest complex were similar (P > 0.10) to those of the small (< 41 km²) forests, the lowest values in this survey were recorded at three of the seven sites in the large forest complex. At species level, the capture rates of caracal and vervet monkey were significantly lower in the large forest complex than in smaller forests (U = 2.21 and 1.98, df = 7.4, P ≤ 0.05) ( distribution ranges, these two species appear to be associated more with woodlands or riparian vegetation of savannas than with forests (Skinner & Chimimba 2005) . They may use forests as a refuge, whilst also feeding in adjacent, more open areas.
In the Lopé National Park of Gabon, species richness, as well as biomass estimates for bushbuck, blue duiker, monkeys, Cercopithecus spp.; and red river hog, Potamochoerus porcus; were all lower in the continuous closed canopy forest than in smaller forest fragments (i.e. gallery forest and bosquet) (Tutin, White & Mackanga-Missandzou 1997) .
Here the ecotone effect would have been greater than in continuous forests, which could have influenced the species composition (Forman, Galli & Leck 1976) . Continuous forest would, however, be important for forest-sensitive species, and studies have shown that primate richness in Asia, South America and Madagascar generally declines significantly with a decrease in forest size (Harcourt & Doherty 2005) , a trend noted for the samango monkey, Cercopithecus albogularis; in KwaZulu-Natal (Lawes, Mealin & Piper 2000) .
Three threatened and protected South African species (blue duiker, leopard and honey badger) together comprised approximately 6% of trail captures in this study (Table 1) . Contrary to expectation, Sites 1 and 2 (on-trail) and Site 10 (off-trail) were the only trap surveys where all three of these species were recorded (Tables 1 and 2 ). Not only were all these surveys in small forests (< 41 km²), but Site 1 borders the village of Wilderness and is walked extensively by day hikers.
These preliminary results suggest that small forests could play an important role in the conservation of mammal fauna in the GRNP. These forests are worthy of strict protection, especially since many of them are located on or bordering coastal areas, where substantial land transformation has occurred through agricultural, silvicultural and urban development. Of the species recorded in this study, only the blue duiker is an obligate forest species. The others are capable of utilising more open habitats (Skinner & Chimimba 2005) , and probably use the small forests largely as a refuge.
